Abstract: Diagnosis and therapy of cutaneous leishmaniasis (CL) can be difficult due to the variability of the clinical pictures and resistance to therapy. There is no vaccine currently available for CL. The aim of the present review is to describe different topical treatment modalities for old world CL. The mainstays of treatment for old world CL are pentavalent antimony compounds which are administered parenterally or intralesionally. New topical treatment alternatives have been available within the past few years. Amongst several treatments used topically, physical therapies including cryotherapy, heat therapy and CO 2 laser are promising for the treatment of old world CL. Along with that, other randomized placebo controlled trials should be designed to find new effective therapeutic regimens.
Introduction
the Nobel Prize in 1929 (Singh and Sivakumar, 2004) . Later on, the new effective compounds, related to antimony compounds were introduced to the medical literature and were found more effective with fewer side effects. Two popular types are sodium stibogluconate (SSG) or Pentostam and meglumine antimoniate (MG) or Glucantime; both are injectable and applicable with different dosages (10-20 mg/day) for 20 to 28 days (Reithinger et al., 2007) . Their precise mechanism of action is not known; probably those compounds can inhibit glycolytic enzymes and decrease fatty acid oxidation in amastigotes. The inhibition process, described recently , is dose dependent and decreases the available amount of ATP and GTP (Singh and Sivakumar, 2004) .
Intralesional administration of the antimony compounds is the standard form of treatment for persistent, multiple and/or large lesions. It should be noted that combination of intramuscular and intralesional administrations of MG was found to be superior to the intralesional application alone (Munir et al., 2008) . The treatment recommended by WHO advisory committee, is using SSG or MG for at least 20 days. Intralesional route should be relied on the infiltration of the compound into the upper and mid-dermis and must produce complete blanching of the base of the lesion. Treatment efficacy ranged between 81 and 97% (Uzun et al., 2004 ). However, not only the drug is expensive itself, but also the medical attention for preventing side effects which are frequent and sometimes very dangerous, make the treatment further expensive. Factors associated with treatment failure, included the presence of more than 3 cutaneous lesions, previous treatment, body weight above 68 kg and incomplete treatment schedule. The last factor has the highest odds ratio and body weight is possibly associated with the limitation of the maximum daily dose (Rodrigues et al., 2006) . These results help to identify patients at risk of treatment failure of cutaneous leishmaniasis with antimony compounds therapy. Pancreatitis, cardiotoxicity, pancytopenia and peripheral neuropathy are the main side effects. Toxicity reduction, economic cost and poor compliance of the drug will be the major foci of the researchers to produce new alternative compounds (Singh and Sivakumar, 2004; Reithinger et al., 2007) . As it was noted earlier, clinical variation of the CL wounds implying genetic variability of the causative Leishmania parasite (Fazaeli et al., 2008) , can be another dimension to consider when developing a new compound; in other word, the broad coverage of the drug effect on different genotypes and populations of the parasite should also be taken into account.
Amphotericin B
Deoxycholate formulation is another antifungal drug which has recently been used for CL. It was discovered in 1956 from a bacterium of Streptomyces genus. The mechanism of action is binding to the ergosterol of the fungal membrane which is the main sterol of fungi and leishmania amastigotes and causes selective inhibition of cell membrane synthesis (Singh and Sivakumar, 2004) . Ergosterol is not the main sterol in human cell membranes so it cannot make major injuries in the human cells. It was tested in many patients with kala-azar (Sundar et al., 2007) but there are only some restricted studies with successful results for treatment of cutaneous leishmaniasis (Amato et al., 2004) . In some new formulations, deoxycholate replaced by some types of lipids, i.e. AmBisome (Davidson and Russo, 1994) , Amphocil (Frankenburg et al., 1998) and Abelcet (Sundar et al., 2003) . AmBisome is a lyophilized preparation of liposomal amphotericin B consisted of specific proportions of amphophilic substances, including phosphatidylcholine, distearoylphosphatidylglycerol and cholesterol (Proffitt et al., 1991) . Amphocil is a mixture of amphotericin B and cholesteryl sulphate complex (Stevens, 1994) . In Abelect complex, two phospholipids including dimyristoylphosphatidylcholine (DMPC) and L-α-dimyristoylphosphatidylglycerol (DMPG) cover the drug (Wasan et al., 2007) . Lipid formulations of amphotericin are now competitive to antimony compounds. Several newly performed studies supported the efficacy of the liposomal amphotericin B on CL without reporting remarkable adverse effects. They are less toxic but more effective. However, the central nervous system toxicity as a potential side effect of this drug should be taken into notice (Glasser and Murray, 2011) .
Topical treatment
Parenteral therapy, currently available for cutaneous leishmaniasis, is painful and potentially has serious side effects in the location of injection. Therefore, it would be valuable to provide topical drugs with good efficacy. Topical treatment is steadily a controversial way for local killing of the parasites, although the results with different compounds are debating. The interpretation of results is probably difficult, due to nonstandard definition of the disease and cure. It is especially useful for patients who cannot tolerate pain and discomfort during and after injection of antimony compounds.
Topical formulations (ointment, solution or gel) Imidazoles
The principle mechanism described for the efficacy of antifungal imidazoles is the inhibition of ergosterol biosynthesis from acetate via squalene and lanosterol which is similar to that in yeast and other fungi (Arana et al., 2001a; Singh and Sivakumar, 2004) . Topical clotrimazole and miconazole were used for the treatment of CL in Saudi Arabia for one month. In 16% of the first group, lesions were completely healed but no one in the miconazole group had been cured completely (Singh and Sivakumar, 2004) . Larbi and colleagues (1995) conducted a double blind study, comparing 1% topical clotrimazole versus 2% miconazole in eastern Saudi Arabia. Sixty-seven percent were cured completely or healed prominently in the first group but in the miconazole group, only 35% of the patients responded clinically. Although topical ketoconazole is a safe drug but did not drastically change the course of CL in four Afghani patients (Storer and Wayte, 2005) . However, the number of trialed cases is too limited for a distinct conclusion. It seems that oral ketoconazole, particularly the hydrolyzed formulation, is more effective than the topical form (Singh and Sivakumar, 2004) . Because of potential side effects and high costs of fluconazole, it is unlikely that any systemic therapy will become the first-choice therapy for uncomplicated Old World cutaneous leishmaniasis (Zvulunov et al., 2003) .
In an experimental study, the efficacy of topical fluconazole in comparison with topical paromomycin was evaluated in L. major-infected BALB/c mice by Mussi et al. (2007) . They found significantly higher efficacy with paromomycin.
In Leishmania tropica infections, there was good evidence of benefit for the use of 200 mg oral itraconazole for 6 weeks comparing to placebo (González et al., 2008) .
Systemic itraconazole alone was demonstrated to be inferior to combination therapy in cutaneous leishmaniasis (Al-Mutairi et al., 2009) . Topical formulation of this drug for treatment of cutaneous leishmaniasis has not been reported in the literature.
Paromomycin
Paromomycin or Aminosidine, a broad-spectrum aminoglycoside derivative (Arana et al., 2001b) , is also used with variable cure rates. Its antiparasitic action has not been seen with the other aminoglycosides (Singh and Sivakumar, 2004) . In a recent study, paromomycin was observed to inhibit in vivo protein synthesis in the leishmania promastigote stage and consequent reduction of the proliferation rate of the parasite (Fernández et al., 2011) . The dosage is different between two to three times topical application of the drug for 10 to 30 days (Reithinger et al., 2007) . Different studies, comparing the efficacy of treatment between paromomycin and local injection of meglumine antimoanate (Shazad et al., 2005) and between paromomycin and photodynamic therapy (Asilian and Davami, 2006) revealed cure rate of 68% and 42% in paromomycin treated patients, respectively. The results did not present clinical significance between treated groups. Iraji and Sadeghinia (2005) reported that using topical 15% paromomycin, twice daily for one month, did not have prominent clinical effect on patients with CL. Comparing the effect of paromomycin ointment which is topical paromomycin mixed with methylbenzethonium chloride (MBCL) or urea with MG revealed that neither does had a statistically significant effect but all of them revealed their peculiar side effects (Neva et al., 1997; Armijos et al., 2004) . Another report did not disclose a complete response to the topical paromomycin in Croatian patients (Stanimirovic et al., 1999) . Treatment failure for paromomycin versus MG as the gold treatment also was reported after a 3 month course of therapy. Seventy-two percent of the first group versus 40% of the second group did not access the treatment milestones in the study (Faghihi and Tavakoli-kia, 2003) . Different formulations (mixture) of paromomycin ointments (15-20%) with/without MBCL (12%) or urea (10%) were introduced but the results were equivocal and were not convincing (Grogl et al., 1999; Arana et al., 2001b) . Adding 12% concentration of benzethonium chloride, cetalkonium chloride or dimethyl sulfoxide, all incorporated in white soft paraffin, could effectively cure the disease or healed the lesion significantly in BALB/c mice (El-On et al., 1984) . Although many trials were undertaken, it is very difficult to comparatively discuss them (Arana et al., 2001b) . The enhanced efficacy of topical paromomycin gel was confirmed, when it was used in combination with oral miltefosine in L. major-infected mice (Aguiar et al., 2009) .
Ointment containing 15 percent paromomycin is believed to be the treatment of choice for Old World cutaneous leishmaniasis in Israel (where L. major is also the most common pathogen) with cure rate of 76 to 86 percent after a single two-week course of daily topical application (El-On et al., 1992; Zvulunov et al., 2003) . Topical application of the liposomal form of paromomycin, experimentally evaluated in vivo, is believed to provide a promising effective topical treatment for CL (Carneiro et al., 2010) .
Amphotericin B
Making solutions with ethanol and Amphocil led to prominent decrease in the size of skin lesion in murine CL with low serum level of amphotericin B (Frankenburg et al., 1998) . Topical liposomal amphotericin B (in 50 patients) compared with intralesional glucantime (in 60 patients) showed similar efficacy in the treatment of cutaneous leishmaniasis in Iran (Layegh et al., 2011) . Additional clinical trials to confirm further, the suitability of this promising topical alternative are recommended.
Sitamaquine
Sitamaquine, a primaquine analogue as an antimalarial drug has been reported to be toxic with low efficacy in kala-azar treatment (Sundar and Rai, 2002; Loiseau et al., 2011) . The most frequent adverse effects are vomiting, dyspepsia, cyanosis and nephritic syndrome secondary to glomerulonephritis ( Jha et al., 2005) . Sitamaquine topical formulations did not reveal any prominent effect on lesion progression or parasite burden of CL in an experimental study (Garnier et al., 2006) . However, there is little known about this compound efficacy against CL and requires further evaluation.
Buparvaquone
Buparvaquone is a hydroxynaphthoquinone derivative which cannot diffuse through skin contrary to its prodrug formulation (Mantyla et al., 2004) . Quite few reports of the treatment effect of this compound against leishmaniasis are available (Garnier et al., 2007) . It was shown that both hydrous gel and water-in-oil emulsion formulations of buparvaquone significantly reduced the size of cutaneous lesion and cutaneous parasite burden in experimental studies (Garnier et al., 2007) .
Immunomodulator as an adjuvant Imiquimod
Imiquimod is a new immunomodulatory agent. In a randomized controlled trial of the new world CL, it was shown that in all patients treated with imiquimod alone, the disease was relapsed after treatment discontinuation but all patients treated with combination of imiquimod and MG were cured (Arevalo et al., 2007) . Similar studies in Peruvian patients revealed the same results with small scar tissue, so it was proposed to recommend for the facial lesions (Miranda-Verastegui et al., 2005) . Other reports in old world cutaneous leishmaniasis confirmed treatment failure when topical imiquimod cream used alone and its additive effect when used in association with antimony compounds (Arevalo et al., 2001; Seeberger et al., 2003) . In another study, no beneficial effect was reported with combination therapy of imiquimod and MG against L. tropica (Firooz et al., 2006) . Immunotherapy of L. major-infected mice, with imiquimod combined with MG chemotherapy showed the efficacy higher than that of imiquimod alone (Khalili et al., 2011) . It seems that the available reports are insufficient, requiring further studies.
Physical therapy Cryotherapy
Cryosurgery is not a new mode of treatment for CL. Using CO 2 cryomachine resulted in a 100% cure rate for 30 patients without any scar (Bassiouny et al., 1982) . Later, liquid nitrogen was reported to have the same effects (Leibovici and Aram, 1986) . Combination therapy of cryosurgery and glucantime were found to be much more impressive than each of the two modalities when used alone (el Darouti and al Rubaie, 1990) . Two or three cycles of 10 to 30 seconds freezing with a three-week interval limit is used. The results were stated as satisfactory with rare and infrequent complication (al-Majali et al., 1997; Panagiotopoulos et al., 2005) .
Combination of cryotherapy with intralesional injections of MG or sodium stibogluconate was shown to be more effective than the use of intralesional MG alone (Asilian et al., 2003) .
A randomized clinical trial of children in Iran showed that cryotherapy is an effective treatment for cutaneous leishmaniasis in children comparing to intralesional glucantime. Simplicity, lower cost, low rate of serious complications and greater tolerability can make cryotherapy an appropriate alternative treatment for cutaneous leishmaniasis in children (Layegh et al., 2009) .
The results of treatment of cutaneous leishmaniasis in Dutch troops in northern Afghanistan revealed that intralesional injections of antimony compounds with or without cryotherapy were satisfactory, but 19.5% of patients received secondary treatment with miltefosine (van Thiel et al., 2010) . Cryotherapy is found highly effective in the treatment of dryer and smaller (<1 cm) lesions, but for the treatment of large lesions, it needs to be administered in combination with intralesional antimony compounds (Asilian et al., 2004a; Bumb and Satoskar, 2011) .
Thermotherapy
Thermotherapy is a simple and cost effective way improving the results of treatment with antimony compounds. A clinical trial on thermotherapy using radiofrequency waves with 50 °C temperature for 30 seconds provided effective, well tolerated and rapid treatment modality (Reithinger et al., 2005) . Potential mechanisms include direct destruction of parasites by heat.
There are a number of other studies supporting the suitability of this treatment method (i.e. Vega et al., 2009; Aronson et al., 2010) .
Photodynamic therapy
Light mediated cytolysis of leishmania amastigotes and promastigotes is new technique in the treatment of CL (Asilian and Davami, 2006; Lee and Baron, 2011) .
Photosensitizers like aluminum phthalocyanine chloride provide photodynamic therapy (PDT) more effective (Dutta et al., 2005) . It seems that strong attraction to the negatively charged parasitic membrane and high singlet oxygen with immunomodulating effect are the major factors in increasing the effect of PDT in the presence of photosensitizers (Akilov et al., 2006 (Akilov et al., , 2007 .
CO 2 laser CO 2 laser has been used for topical treatment of CL. Results of different studies showed that CO 2 laser is a good and effective treatment modality with rare and infrequent sequels (Asilian et al., 2004b .
The CO 2 laser was more effective in treating dry-type cutaneous leishmaniasis than combined cryotherapy and intralesional glucantime and resulted in a shorter healing time with a single treatment session (Shamsi Meymandi et al., 2011) .
Other suggested topical treatment
Nitric oxide Nitric oxide (NO) synthesized by macrophages, a key molecule in defence mechanism, has also a microbicidal activity. It was generated non-enzymatically from nitrite and in high doses it may produce toxic effect to macrophages (Davidson et al., 2000) . Topical application revealed good results for the treatment of CL using glyceryl trinitrate as an exogenous donor (Zeina et al., 1997a) . Other exogenous donors with leishmanicidal activity were reported (de Souza et al., 2006) . Topical nitric oxide associated with cryotherapy did not provide a better healing compared to cryotherapy alone ( Jowkar et al., 2012) .
Honey
Topical honey for treatment of cutaneous leishmaniasis was introduced to the literature in 1997, although it was used as an alternative therapy by lay people around the world (Zeina et al., 1997b ). Its precise mechanism of action is not known but it seems to be effective on collagen formation, prevention of wound
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Topical Treatment for Old World Cutaneous Leishmaniasis Prague Medical Report / Vol. 113 (2012) No. 2, p. 105-118 dehiscence, production of granulation tissue, epithelialization and minimal scar formation of the wounds (Nilforoushzadeh et al., 2007) . Honey was found to have an antimicrobial effect and that it can increase the speed of wound healing. The physicochemical characteristics like osmotic effect or pH may aid to its antibacterial activity (Lusby et al., 2002) . Locally and commercially produced honey is not able to inhibit bacterial growth completely (Lusby et al., 2005) . A recently published clinical trial showed no additive effect of combination therapy of honey and glucantime in 45 patients (Nilforoushzadeh et al., 2007) . Topical hot or boiled honey was found to be probably more effective in some parts of the world (Beyrer et al., 2007; Nilforoushzadeh et al., 2007) .
Herbal extracts
Herbal extracts from several plants have been examined against the promastigote and/or amastigote forms of the parasite in culture media and animal models, respectively; but most of them have not been clinically trialled. An example of those is a topical herbal extract called Z-HE, used in Iran (Zerehsaz et al., 1999) without any confirmatory reports from other centres worldwide (Momeni and Aminjavaheri, 2000) . Studies on herbal extracts being currently performed can be expected to present further and new data possibly valuable for the treatment of leishmaniasis.
Morphine
Topical inoculation of morphine was supposed to be effective in the treatment of CL (Alavi-Naini, 2008) . The in vitro survey revealed that morphine in some concentrations is effective on promastigote forms of L. major; however, in the in vivo evaluation, no effectiveness was observed on experimental CL in BALB/c mice (Alavi-Naini et al., 2010) . Considering the in vitro results, effects of morphine in various concentrations is worth evaluation in animal models.
Conclusion
Cutaneous leishmaniasis is still a major health problem especially in countries with low socioeconomic development. Although pentavalent antimony compounds are still the standard, basic and first line of treatment, incomplete response to treatment and appearance of drug resistance of the causative parasite are major concerns. Sometimes physicians become confused for selecting the most appropriate therapeutic option. Easy drug availability, duration of treatment, cost and medical care staffs experienced in using new treatment modalities are the major important factors in endemic regions. It should be reminded that the assessment of the efficacy of any therapeutic agent in a self-healing disease such as CL is very difficult. Welldesigned, double-blind, randomized placebo controlled trials should be designed and conducted to find new effective treatments.
